Transport processes in gases of particles with internal rotational degrees of freedom and nonspherical binary interaction give rise to a (partial) alignment of the internal angular momenta or to a correlation between linear and angular momenta of the particles. This fact has first been noticed by WALDMANN 1 in connection with the diffusion of particles with spin and by KAGAN and AFANASEV 2 who studied the heat conduction of a gas of classically rotating molecules.
As suggested by WALDMANN 7 direct evidence for two particular types of alignment could be obtained from measurements of the double refraction caused by a viscous flow (flow birefringence) and of the electric polarization caused by a heat flux in a polar gas. Flow birefringence of linear molecules which has recently been studied by HESS 8 as well as birefringence induced by sound waves and heat flow and diffusion flow birefringence in rarefied gases are associated with the second rank tensor polarization of the rotational angular momentum of the molecules. The macroscopic electric polarization, which could also be caused by a diffusion flow or, in a rarefied gas, by a viscous flow is simply This note is concerned with the kinetic theory of the electric polarization induced by a temperature gradient. Symmetric top molecules (e. g. CH3C1) possessing a nonvanishing component of their electric dipole moment d parallel to their rotational angular momentum h I are considered first. Then a few remarks are made on gases of linear polar molecules. Finally the order of magnitude of the electric potential difference associated with the electric polarization is discussed. Our theory is closely related to the theory of the electric Senftleben-Beenakker effect by LEVI, MCCOURT and TIP 9 .
Relation between Electric Polarization and Molecular Dipole Moment
The electric polarization P of a gas is related to the molecular dipole moment d = d u (u is a unit vector parallel to the figure axis of the molecule) by
P=nd(u).
(1)
In Eq. (1) n is the number density and the bracket . .) denotes an average over the one-particle distribution function of the gas.
At densities where a symmetric top molecule undergoes many thermal rotations between two successive collisions only the component of u which is parallel to the internal angular momentum J, viz.
is relevant in first approximation 9 .
For linear ^-molecules 9 one has u (/)= 0. The effect vanishes in first approximation; the remaining second approximation will give much smaller values than in the symmetric-top case.
Transport-Relaxation Equation for (u (/))
The nonequilibrium average (u (/)) is obtained from a transport-relaxation equation for this quantity which again is derived from the appropriate kinetic 
-(e>0)]V (7)
Crot where V is the particle velocity in units of ]/2 kT/m , e is the internal rotational energy of a molecule divided by k T and crot is the internal specific heat per molecule. The bracket (. . .)0 refers to an average weighted by the (one-particle) equilibrium distribution 12 .
Electric Polarization Induced by a Temperature Gradient in a Polar Gas of Symmetric Top Molecules
In steady state Eq. (4) can be solved for («(/)). Use of Eqs. (1), (3), and of g = -/ VT where X is the heat conductivity leads to p=7r i vr (8) with
For a dilute gas of symmetric top molecules y as given by (9) [1966] . 12 The relaxation coefficent a>d is related to the relaxation time r occurring in the complex electric susceptibility / =Z(0) (1 -I T )by T = Thus cod can be obtained experimentally from the dispersion and the nonresonant absorption of microwaves; cf. G. BOUDOURIS, Riv.
Linear Molecules
For most linear polar molecules the electric dipole moment is perpendicular to the internal angular momentum; the time average of its expectation value for the free linear ^-molecule is zero. Thus it is only possible to obtain an electric polarization in the gas if the rotational motion of the molecules is frequently interrupted by collisions i. e. if, classically speaking, the thermal rotation frequency &)r01 of a molecule is comparable with the collision frequency O)coll • The kinetic equation derived in Ref. 10 , however, is only valid if the "condition of sufficient level spacing" u , equivalent to the requirement a>C0ll corot is fulfilled. Despite the fact that the appropriate kinetic equation valid for cOcoll ~ torot is not known -then one is already in the dense gas regime -some qualitative remarks can be made on the electric polarization caused by a temperature gradient in a polar gas of linear molecules.
The unit vector operator u parallel to the molecular axis can be split into the parts u+ and u_ whidi induce up and down transitions between adjacent rotational levels. For simplicity a two-level system is treated i. e. only the molecules in the most frequently occupied rotational levels j and j +1 are taken into account. Then, a single (oIOt occurs and instead of Eq. (4) the two equations 
Notice that yiin. mol. as given by (13) is proportional to n 2 whereas y given by (9) is independent of the number density n.
Nuovo Cimento 1, 1 [1969] . -Collisions between molecules whose internal energies are equal, before collision and again after it, don't contribute to the bracket (6), pertaining to the cross coefficient a>dq • All other collisions, energetically elastic or inelastic, may give non-vanishing contributions in principal. 13 
Potential Difference Associated with the Electric Polarization
Consider heat conduction through a gas between two flat plates at temperatures T and T + dT separated by the distance L. Then the potential difference V = 4 Ji P L is, according to Eq. (8), given by V = 47iyT-1 dT.
For T~ldTm 
Ratios of "nondiagonal" and "diagonal" relaxation coefficients that are of importance for the SenftlebenBeenakker effect are of the order of 10 -1 to 10~2. The ratio 0>dq/t0d can be expected to be smaller, but probably not more than by two orders of magnitude. Thus, at least the voltage (15) promises to be of detectable size.
Final Remarks
A measurement of the voltage due to electric polarization by a temperature gradient would be desirable. If measurable, one could obtain experimental values of the ratio codq/tod. The relaxation coefficients codq and a>d are of particular interest with intermolecular mechanics since both vanish unless the binary interaction potential contains a nonspherical part.
Finally it seems worth mentioning that the electric polarization (8) 
